The mechanism of peptidyl transfer catalysis by the ribosome.
The ribosome catalyzes two fundamental biological reactions: peptidyl transfer, the formation of a peptide bond during protein synthesis, and peptidyl hydrolysis, the release of the complete protein from the peptidyl tRNA upon completion of translation. The ribosome is able to utilize and distinguish the two different nucleophiles for each reaction, the α-amine of the incoming aminoacyl tRNA versus the water molecule. The correct binding of substrates induces structural rearrangements of ribosomal active-site residues and the substrates themselves, resulting in an orientation suitable for catalysis. In addition, active-site residues appear to provide further assistance by ordering active-site water molecules and providing an electrostatic environment via a hydrogen network that stabilizes the reaction intermediates and possibly shuttles protons. Major questions remain concerning the timing, components, and mechanism of the proton transfer steps. This review summarizes the recent progress in structural, biochemical, and computational advances and presents the current mechanistic models for these two reactions.